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Detailed Description Text - DETX (8) : 

Referring to FIG. 2, the unit subjected to the control 
of the automatic 

transmission control unit 5 is formed as the automatic 
transmission 8 having a 

continuously variable transmission (hereinafter referred to 
as CVT) 81 having a 

torque converter 82 as a clutch. At an input side of the 
CVT 81, there is the 

torque converter 82 having a lock-up clutch C.sub.L for 
inputting revolutions 

of an engine 6 and a reverse mechanism 83 constituting a 
planetary gear drive 

having dual pinions P.sub.l, P. sub. 2 for transmitting 
forward revolution by 

direct engagement with a clutch C and reverse revolution by 
engaging a ring 

gear R through engagement of a brake B in relation with the 
input of a sun gear 

S and the input /output of a carrier CR output. The CVT 81 
is provided with a 

primary pulley 81a for inputting the revolution of the 
reverse mechanism 83, a 

secondary pulley 81b for outputting the transmission 
revolution, a belt 81c for 

power transmission to both pulleys, and a hydraulic circuit 
(not shown) for 

setting the gear change ratio by changing the width of each 
groove of the 

pulleys 81a, 81b. An output side of the CVT 81 is 
connected to a differential 

gear 85 for transmitting the output of the CVT 81 to the 
vehicle wheel via a 

counter gear 84 that also performs deceleration. The gear 
ratio is changed 

upon the hydraulic circuit operation in accordance with the 
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driving signal 

applied to an actuator 7 (specifically, a solenoid as a 
driving portion of a 

solenoid valve) incorporated into the hydraulic circuit 
that operates a 

hydraulic servo 80. The revolution load of the engine 6 
generated by driving 

the wheel in a coasting state is used as the braking force 
for deceleration. 

Accordingly, the CVT 81 functions as the device that can 
control the operation 

relating to deceleration. Referring to FIG. 2, reference 
numeral 23 designates 

a vehicle speed sensor, reference numeral 2 6 designates an 
input revolution 

sensor and a reference numeral 27 designates an engine 
speed sensor, which are 

not shown in FIG. 1. In the case where the aforementioned 
unit constitutes a 

multi-stage transmission, the friction engagement element 
that achieves a 

predetermined gear is engaged instead of changing each 
groove width of the 

pulleys such that the similar braking force can be 
obtained. Likewise the 

actuator to be controlled constitutes the solenoid of the 
solenoid valve 

incorporated into the hydraulic circuit. 
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(57) ABSTRACT 

A vehicle control unit controls a vehicle having a device 
capable of controlling deceleration, such as a continuously 
variable transmission. An information detection device is 
capable of determining a relationship between the instant 
vehicle and a preceding vehicle running in front of the 
instant vehicle, for example, a headway distance and a 
relative speed therebetween. Based on the information 
derived from the detection device, the vehicle correlation is 
determined and compared with a predetermined target cor- 
relation. Then, deceleration of the instant vehicle is set by a 
deceleration setting device such that the determined corre- 
lation reaches the predetermined target correlation. The 
device for performing deceleration is controlled based on the 
deceleration that has been set. 

13 Claims, 14 Drawing Sheets 
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FIG. 3 
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FIG. 7 
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FIG. 8 
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FIG. 10 
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FIG. 11 
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FIG. 13 
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VEHICLE DECELERATION CONTROL UNIT 
BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The invention relates to a technology for controlling a 5 
vehicle, and more particularly, to the technology for con- 
trolling the vehicle in correlatfcn with the vehicle driving in 
front thereof. 

2. Description of the Related Art 

There has been a technology disclosed in, for example, 
Japanese Patent Application Laid-Open No. Sho 64-69849, 
that is intended to support the safe driving for the driver by 
controlling various componenls of a vehicle running on the 
road (hereinafter referred to as a vehicle) in accordance with 15 
a distance (hereinafter referred to as a headway distance) 
between the vehicle and the vehicle driving in front thereof 
(hereinafter referred to as a preceding vehicle). In this 
technology, if the conditions, such as the headway distance 
that has been measured or fee state where the vehicle is 2Q 
approaching the preceding vehicle, satisfy an appropriate 
predetermined condition, that is, the vehicle is fast 
approaching close to the preceding vehicle, the aforemen- 
tioned technology executes a downshift of the transmission 
such that the braking force resulting from the engine brake 25 
is increased In this case, the gear ratio of the transmission 
is controlled such that a target revolution is obtained by 
adding a coefficient (the difference in the revolutions 
between vehicles) to a reference revolution derived from an 
ordinary map. 30 

The aforementioned conventional art controls the gear 
ratio of the transmission based on the uniquely established 
revolution irrespective of conelation between the vehicle 
and the preceding vehicle. Therefore, the resultant driving 
state of the vehicle is unstable, which may bother the driver 35 
of the vehicle by imparting an uncomfortable feeling, inter- 
fere with the driver with driving with the traffic flow, and 
have other unsatisfactory effects. 

SUMMARY OF THE INVENTION 

40 

In consideration of the foregoing problems of the con- 
ventional art, it is an object of the invention to provide a 
vehicle control unit that sets tfhe deceleration of the vehicle 
in correlation with the preceding vehicle, and controls the 
respective components of the vehicle in accordance with the 45 
set deceleration. As a result, the driver of the vehicle is 
allowed to run the vehicle smoothly to follow up the 
preceding vehicle only by operating an accelerator pedal. 

In order to achieve the aforementioned object, the inven- 
tion provides a vehicle control unit for controlling a vehicle 50 
employing a device capable off controlling deceleration and 
information detection means capable of determining a cor- 
relation between the vehicle amd a preceding vehicle based 
on the correlation. The vehicle control unit includes decel- 
eration setting means for determining a correlation between 55 
the vehicle and the preceding vehicle based on information 
derived from the information detection means, comparing 
the correlation with a predetennined target correlation, and 
setting a deceleration of the vehicle so as to reach the target 
correlation; and deceleration control means for controlling a 60 
device that performs deceleration of a vehicle based on the 
set deceleration. 

In the aforementioned vehicle control unit, the decelera- 
tion setting means sets the deceleration that is continuously 
updated from the start of control to the establishment of the 65 
target correlation and a value of the deceleration is reduced 
as it approaches the target correlation. 



,118 Bl 

2 

In the aforementioned vehicle control unit, the decelera- 
tion is set to reduce a deceleration rate as it approaches the 
target correlation. 

In the aforementioned vehicle control unit, the informa- 
tion that allows the determination of the correlation contains 
a headway distance between the vehicle and the preceding 
vehicle and a speed of the vehicle approaching the preceding 
vehicle; the target correlation contains a reference headway 
distance; and the deceleration is calculated at least based on 
the approaching speed of the vehicle so as to become zero 
or less at a time when reaching the reference headway 
distance. 

In the aforementioned vehicle control unit, the informa- 
tion that allows the determination of the correlation contains 
a headway distance between the vehicle and the preceding 
vehicle and a speed of the vehicle approaching the preceding 
vehicle; the target correlation contains a reference headway 
distance; and the deceleration is obtained by referring to a 
map at least based on the approaching speed of the vehicle 
so as to become zero or less at a time when reaching the 
reference headway distance. 

In the aforementioned vehicle control unit, the vehicle 
employs means for detecting a vehicle speed and means for 
detecting an operating speed of an accelerator pedal; and the 
reference headway distance is set in accordance with the 
speed of the vehicle and varied in accordance with the speed 
at which the accelerator pedal is released. 

In the aforementioned vehicle control unit, the vehicle 
employs means for detecting a vehicle speed and means for 
detecting an operating speed of an accelerator pedal; and the 
reference headway distance is set to the headway distance 
established at a time when the accelerator pedal is released 
and varied in accordance with the speed at which the 
accelerator pedal is released. 

In the aforementioned vehicle control unit, the vehicle 
employs road condition detection means for detecting a road 
condition; and the deceleration is varied in accordance with 
the road condition detected by the road condition detection 
means. 

In the aforementioned vehicle control unit, the road 
condition detection means is a navigation system, informa- 
tion of which is used to determine the road condition. 

In the aforementioned vehicle control unit, the device 
capable of controlling the deceleration is a continuously 
variable transmission, the deceleration is set to a target value 
of the continuously variable transmission, and a deceleration 
of the continuously variable transmission is controlled to 
reach the target value. 

In the structure of the vehicle control unit according to the 
first aspect of the invention, the respective components of 
the vehicle are controlled to achieve the deceleration that has 
been set in accordance with the correlation with the preced- 
ing vehicle. This structure makes it possible to execute the 
optimal vehicle control in accordance with the correlation 
between the vehicle and the preceding vehicle from the start 
to the end of control. Since the resultant driving state of the 
vehicle becomes stable, the driver is not bothered by the 
uncomfortable feeling and is allowed to run with the traffic 
flow. 

In the structure according to the second aspect of the 
invention, the respective components of the vehicle are 
controlled based on the deceleration that has been set to 
reduce the vehicle speed continuously and gradually from 
the start of control to the establishment of the target corre- 
lation. 

Further, in the structure according to the third aspect of 
the invention, the deceleration is set to be rapidly reduced 
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upon the start of control and further reduced gently dition. Such a structure requires a plurality of sensors for 

thereafter, which allows for the smooth establishment of the detecting a corner, slope, traffic jam or other factors affecting 

target correlation. Accordingly the resultant control reflects traffic flow, respectively, thus greatly increasing the cost, 

the driver's intention quite well. Meanwhile a navigation system is capable of preliminarily 

Id the structure according to the fourth aspect of the 5 storing data on the road conditions of the current location of 

invention, the deceleration is obtained by calculation based me vehicle and the periphery thereof, for example, corner R, 

at least on the speed of the vehicle approaching the preced- slope, traffic jam, branch, road width, and so forth in a 

ing vehicle such that the approaching speed at a timing when recording medium such as a CD-ROM, or capable of 

reaching the reference headway distance as the target cor- receiving/transmitting the road information from/to the 

relation becomes equal to or less than zero. As a result, no 10 information center remote from the vehicle. A plurality of 

map is required for setting the deceleration, thus reducing data > tnus > can De detected by the navigation system, 

the required storage area in the control unit. Accordingly, the road condition data detected by the navi- 

In the structure according to the fifth aspect of the svstem c u f be t0 v ^ the deceleration, which 
invention, the deceleration is derived from a map based on makes 1 * P OSS1 ^ to «cute * e vehicle **five ™f 
at least the speed of the vehicle approaching the preceding 15 contr ° l rc ?f ctod bv * e ™ mn Z environment of the vehicle 
vehicle such that the approaching speed is at a timing to cxactlv m *°* ceasing the cost, 
reach the reference headway distance as the target correla- In the structure according to the tenth aspect of the 
tion becomes equal to or less man zero, thus allowing for invention, a target value of a continuously variable trans- 
easy control mission is set in accordance with the deceleration so as to 

Id the structure according to the sixth aspect of the 20 achieve the deceleration that has been set based on the 

invention, the reference headway distance as the indexof the correlation between vehicles. The deceleration , ratio of the 

target correlation is uniquely set from the map in accordance continuously variable transmission is controlled so as to be 

with the vehicle speed. In other words, the higher the vehicle me U f et value. Therefore, he deceleration ratio control ,n 

speed becomes, the longer the mference headway distance is „ accordance with the deceleration can be continuously 

set. When the speed at which the accelerator pedal is 25 Performed, resulting in smooth vehicle sensitive ennse 

released by a driver (hereinafter referred to as a release contro1 compared with the control by a multi-stage trans- 

speed) becomes higher, it can be assumed that the driver mission. 

demands greater deceleration. This may indicate that the BRIEF DESCRIPTION OF THE DRAWINGS 

driver feels that the present reference headway distance is „ 

too short. When the release speed becomes higher, the 30 * « a block diagram representing a system structure 

reference headway distance is increased and vice versa. In of » *? racle ^ to wtach thc »>vention has been 

this way, the reference headway distance is varied in accor- appnea, 

dance with the speed at whkh the accelerator pedal is FIG. 2 is a skeleton diagram representing a structure of an 

released by the driver, such that the control reflects the 35 automatic transmissioD controlled by the vehicle control 

driver's intention quite well. umt > 

Io the structure according to the seventh aspect of the FIG - 3 * a flowchart representing a main flow of a vehicle 

invention, the reference headway distance as the index of the sensitive cruise control executed by the vehicle control unit; 

target correlation is set to the value of the headway distance FIG. 4 is a graph conceptually representing a vehicle 

established at a timing when die driver releases the accel- ^ speed map of the control unit; 

erator pedal. That is, the reference headway distance is set FIG. 5 is a flowchart representing an example of a 

to the value of the headway distance at the timing when the subroutine for calculating a required deceleration of the 

driver determines the necessity of deceleration. Accordingly, vehicle sensitive cruise control; 

the vehicle sensitive cruise control that reflects the driver's piGS. 6A-6E are graphical representations that show how 

intentions can be performed. The control that reflects the 45 the required deceleration G ORL > is calculated when the 

driver's intentions can be achieved by changing the refer- headway distance Iq at the start of control is greater than the 

ence headway distance in acconiance with the release speed, reference headway distance L; 

that is, the reference headway distance is increased as the FIG. 7 is an example of a specific method for calculating 

release speed increases and vice versa. ^ requircd deceleration obtained by the calculation in the 

In the structure according to the eighth aspect of the 50 control; 

invention, the deceleration under the control is set on the nG 'g ^ a flowchart of a for calculating the 

assumption that the subject vehicles are running on a flat requ ired engine speed in the control; 

straight road. The invention can be structured such that the ™^ ft . , _ «« . 

, , A . , ... , 4 , j FIG. 9 is a graph conceptually representing the engine 

deceleration may be varied in accordance with the road , . • Jf r 4 , ' 4 1, 0 

r 7 , . . characteristics map used for the control; 

conditions. For example, as the vehicle is cornering or 5s _ ^ . r , . s . . 

running on the downslope road and demands deceleration at FIG - 10 15 a ma P of ta re( J uired revolution in the control; 

a higher rate, the deceleration is changed to be greater than FIG - 11 is a conceptually representing the map of 

the usual deceleration. Meanwhile, a vehicle running on an me reference headway distance in the control; 

upslope road or a road with a low coefficient of friction FIG. 12 is a graph conceptually representing the other 

barely demands the deceleration at a higher rate. Thus, it is 50 exam P^ e of the reference headway distance; 

changed to be less than the usual deceleration. The vehicle FIG. 13 is a flowchart of a subroutine representing still 

sensitive cruise control reflected by the running environment further example for calculating the required deceleration; 

of the vehicle can be performed by changing the decelera- FIG. 14 is a graph conceptually representing the map of 

tion in accordance with the road conditions. the required deceleration; 

In the structure according to the ninth aspect of the 65 Fl G. 15 is a timing chart of the vehicle sensitive cruise 

invention, the road condition is detected by a sensor when control that starts when the headway distance is shorter than 

varying the deceleration in accordance with the road con- the reference headway distance; and 
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FIG. 16 is a timing chart of the vehicle sensitive cruise the road, preliminarily stored in a recording medium like a 

control that starts when the headway distance is longer than CD-ROM, such that the information on the present location 

the reference headway distance. of the vehicle, traffic jams and so forth can be detected 

DETVULED DESCRIPTION OFTOE ? ^nC^^^^^^ "* 

PREFERRED EMBODIMENTS The eQgine c(mtrol ^ 4 Qf ^ coQlrol portion comprises 

An embodiment of the invention is described referring to an electronic control unit that controls the engine output by 

the drawings. FIG. 1 is a block diagram showing a system adjusting the respective actuators for controlling the throttle 

structure of a vehicle control unit to which the invention has opening, fuel injection amount, and the like, based on the 

been applied. Referring to the outline of the structure of the 10 throttle opening, engine speed and other factors (coolant 

mechanism, the vehicle to which the invention is applied temperature, hydraulic temperature). Under the control of 

employs devices capable of controlling operations relating the invention, the aforementioned electronic control unit is 

to deceleration (the engine, motor generator, automatic designed to control such that the engine output is reduced by 

transmission and so forth) and information detection means adjusting the respective actuators based on the value of the 

capable of determining the correlation between the vehicle 15 required deceleration supplied from the required decelera- 

and the preceding vehicle. The vehicle control unit of the tion judgment means (not shown). 

invention has an input portion including a preceding The automatic transmission control unit 5 comprises an 

obstacle detection unit 1 as the aforementioned information electronic control unit having a control program required to 

detection means, vehicle state detection unit 2, a navigation control an automatic transmission 8, which is recorded in a 

unit (navigation system) 3, and a control portion including 20 semiconductor memory. In the aforementioned structure, the 

an engine control unit (ENG-ECU) 4 and an automatic gear is selected based on the throttle opening detected by the 

transmission control unit (A/T-ECU) 5. The control portion throttle opening sensor 24 and the vehicle speed detected by 

is designed to control the devices provided in the respective the vehicle speed sensor 23 by referring to a built-in memory 

positions of the vehicle and capable of controlling opera- table (a map of the target revolution). The map of the target 

tions relating to deceleration including an engine 6, that is, 25 revolution is used to determine the gear ratio of the auto- 

an actuator 7 for actuating those devices. The automatic ma tic transmission 8 to be controlled, 

transmission control unit 5 contains a transmission control Referring to FIG. 2, the unit subjected to the control of the 

portion 50 and required deceleration calculation means S4 automatic transmission control unit 5 is formed as the 

therein. In this case, the required deceleration calculation automatic transmission 8 having a continuously variable 

means S4 is provided in the respective control units. 30 transmission (hereinafter referred to as CVT) 81 having a 

However, it may be structured such that at least one unit of torque conV erter 82 as a clutch. At an input side of the CVT 

the required deceleration calculation means S4 may be 81 ^ere is the torque converter 82 having a lock-up clutch 

positioned in the control unit so as to transmit the signal to c ^ for ^putting revolutions of an engine 6 and a reverse 

the other control units. mechanism 83 constituting a planetary gear drive having 

Each of the respective devices will be described below. 35 dual pinions P 2 for transmitting forward revolution by 
The preceding obstacle detection unit 1 of the input portion direct engagement with a clutch C and reverse revolution by 
detects an obstacle that exists forward of the vehicle running engaging a ring gear R through engagement of a brake B in 
on the road, for example, the vehicle running in front relation with the input of a sun gear S and the input/output 
thereof, any existing or stopped vehicle or anything else of a ca^er CR output. The CVT 81 is provided with a 
positioned on the advancing path of the vehicle by measur- 40 primary pulley 81a for inputting the revolution of the 
ing the time taken for a wave to reflect from the obstacle and reverse mechanism 83, a secondary pulley Sib for output- 
frequency deflection caused by Doppler effect using an ting the transmission revolution, a belt 81c for power 
electric wave, ultrasound or a light lay. In some cases, the transmission to both pulleys, and a hydraulic circuit (not 
preceding obstacle detection unit 1 can also be structured to shown) for setting the gear change ratio by changing the 
recognize and detect either a mark or a character painted on 45 width of each groove of the pulleys 81a, 816. An output side 
the road surface, such as a white lane marking, or a shape Q f tne CVT 81 is connected to a differential gear 85 for 
and color of the obstacle. In this embodiment, the preceding transmitting the output of the CVT 81 to the vehicle wheel 
obstacle detection unit 1 constitutes a laser radar. However, v f a a counter gear 84 that also performs deceleration. The 
it can be made up of, for example, a milH-meter wave radar, gear ra ti 0 j s changed upon the hydraulic circuit operation in 
image recognition device, ultrasonic sensor as a single 50 accordance with the driving signal applied to an actuator 7 
component, or any combination thereof. The invention is not (specifically, a solenoid as a driving portion of a solenoid 
dependent on the type detector used, only that it can accu- valve) incorporated into the hydraulic circuit that operates a 
rately determine the range from the vehicle to the object in hydraulic servo 80. The revolution load of the engine 6 
front of the vehicle. generated by driving the wheel in a coasting state is used as 

The vehicle state detection unit 2 is made up of an 55 the braking force for deceleration. Accordingly, the CVT 81 
accelerator sensor 21 for detecting an operation degree of an functions as the device that can control the operation relating 
accelerator pedal performed by the driver, a brake sensor 22 to deceleration. Referring to FIG. 2, reference numeral 23 
for detecting an operation degree of a brake pedal, a vehicle designates a vehicle speed sensor, reference numeral 26 
speed sensor 23 for detecting a vehicle speed based on the designates an input revolution sensor and a reference 
output revolution of the automatic transmission, a throttle 60 numeral 27 designates an engine speed sensor, which are not 
opening sensor 24 for detecting a throttle opening degree shown in FIG. 1. In the case where the aforementioned unit 
based on the operating state of the throttle valve of the constitutes a multi-stage transmission, the friction engage- 
engine or an operating signal therefor, and a turn signal ment element that achieves a predetermined gear is engaged 
sensor 25 for detecting the operation of the turn signal instead of changing each groove width of the pulleys such 
switch. 65 that the similar braking force can be obtained. Likewise the 

The navigation unit 3 is structured to store road state actuator to be controlled constitutes the solenoid of the 

information, such as a corner R, slope, branch, and width of solenoid valve incorporated into the hydraulic circuit. 
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FIG. 3 shows a main flow of the control executed by the 
above-structured vehicle control unit. In step SI of the main 
flow, data of the headway distance and relative speed are 
received from the preceding obstacle detection unit 1. The 
headway distance can be derived from the following equa- 5 
tion: 

Headway distance L«AixC/2 (C: velocity of light) 

where the time taken for the laser pulse from radiation to 
return is defined as At. 

The relative speed can be derived from the following 
equation with respect to the varied amount AL of the 
headway distance L between one cycle and another: 

Relative spud V CA/ -&L/tST 15 

where the cycle for measuring the headway distance L is 
defined as AT. 

Next in step S2, a normal target revolution N x is calcu- 
lated by referring to the vehicle speed map recorded in the 20 
vehicle transmission control unit 5. FIG. 4 shows a graph 
conceptually representing the vehicle speed map. The target 
revolution N 2 is defined relative to the vehicle speed with the 
parameter of the depression amount 0 of the accelerator 
pedal detected by the accelerator sensor 21. Specifically, 25 
both at the lower limit (Lo) and the higher limit (High) of the 
gear ratio, the target revolution Nj is proportional to the 
vehicle speed. Meanwhile in the range between the lower 
limit (Lo) and the higher limit (High), the gear ratio is 
changed in accordance with the depression amount 0 30 
(01-05) of the accelerator pedal irrespective of the vehicle 
speed so as to maintain the target revolution N a constant. 

Next in step S3, it is determined whether or not a vehicle 
sensitive cruise control is executed. The determination 
becomes Yes, that is, the control is started only when 35 
satisfying all the conditions, for example, the depression 
amount 0 of the accelerator pedal becomes zero (the factor 
reflecting the requirement of the driver for deceleration); the 
headway distance L based on the information detected by the 
preceding obstacle detection unit 1 is less than a predeter- 40 
mined value Lj (the factor requiring no control when the 
headway distance is too long); the value of the relative speed 
becomes positive indicating the vehicle is approaching the 
obstacle (the factor indicating that the vehicle is approaching 
the preceding vehicle); and the vehicle speed (SPEED) 45 
exceeds 20 km/h (the factor preventing the vehicle at a low 
speed in the traffic jam from being apart too far from the 
preceding vehicle). The condition for terminating the control 
will be described later. If the determination in step S3 is No, 
a target revolution N 0/2Z? used for the transmission control of 50 
the CVT 81 is calculated by referring to the vehicle speed 
map in step S8 (See FIG. 4). Then the resultant target 
revolution N OIU> is set to the normal target revolution N a for 
return to the next loop. 

If the conditions for starting the control are satisfied and 55 
the determination in step S3 is Yes to start the vehicle 
sensitive cruise control, the process proceeds to step S4 
where the required deceleration G ORLf at this time is calcu- 
lated. FIG. 5 shows one embodiment representing a subrou- 
tine for calculating the required deceleration G ORD . The 60 
required deceleration 0 ORL> is set for the purpose of control 
such that, basically, the relative speed at a time when the 
deceleration time Tx has elapsed from the start of the control 
is zero, and the headway distance is equal to a reference 
headway distance L(m). However, if the headway distance is 65 
already less than the reference headway distance L(m) at the 
start of the control, the deceleration control is not sufficient 
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to set the relative speed to zero while increasing the headway 
distance. Therefore, the step for calculating the required 
deceleration G ORD is branched into two different processes 
based on the respective conditions. 

FIGS. 6A-6D specifically show how the required decel- 
eration G 0 rd is calculated when the headway distance 1 0 at 
the start of control is greater than the reference headway 
distance L(m). It is a basic concept of the aforementioned 
calculation that the required deceleration G ORD is set as a 
function of the time G(t) such that the deceleration becomes 
zero after the elapse of the time Tx in accordance with a 
predetermined characteristic with respect to the elapsed time 
t as shown in a FIG, 6A. That is, the following equation is 
obtained: 

G(i)=ate~ b ' (a, ^unknown quantity). 

The time Tx is derived from a map, as shown in FIG. 6D 
which is established in the correlation between the headway 
distance and the release speed. At the elapse of the time Tx 
from the start of control, each of the unknown quantities a, 
b is determined such that the following relationship are 
established: 

Vehicle speed V 1 (t) of the vehicle-Vehicle speed V 2 of 
the preceding vehicle; 

Headway distance l=Reference headway distance L. 

The required deceleration G(t) may be set to a function 
that linearly varies as shown in FIG. 6E. Accordingly, the 
vehicle speed V a (t) governed by the required deceleration 
G(t) varies as shown in of FIG. 6B. The vehicle speed V A (t) 
is derived from the following equation by integrating the 
required deceleration G(t). 

VKHfl/^rtW""^ ((^unknown quantity) Eq. 1 

Assuming that the headway distance at the start of control 
is set as Iq, the headway distance varies by the amount L-1q 
as shown in FIG. 6C. The varied amount is equivalent to the 
area of the section defined by diagonal lines shown in FIG. 
6B. As a result, the following equation is established. 

(l 0 : headway distance at the start of control). 
The unknown quantities a, b, c are determined by providing 
the following boundary conditions: 

The resultant required deceleration G(t) is set as the 
required deceleration G ORD at each timing as represented by 
the following equation: 

Meanwhile if the headway distance Iq at the start of 
control is less than the reference headway distance L, it is 
controlled to establish the relationship Vj(t)=V 2 at the 
elapse of the time Ty from the start of control and further to 
establish the relation V^Q-V/ at the elapse of the time Tx. 
The map of the time Tx defined by the correlation between 
the headway distance and the release speed is different from 
that shown by tbe map shown in FIG. 6D. In this case, the 
following three equations are used in place of the equation 
1: 

Vi0yh v 2 (Ty=constant); 
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The Vj f is set to the value slightly less than that of V 2 by T^N t ^f t „xG OKI ^M. 

a few percent thereof for increasing the headway distance. me va lue derived from the right side of the above 

The constants TV and V/ may be set by referring to the map. equation is known, the engine speed N, that satisfies the 

In initial step S41 of the subroutine shown in FIG. 5, a above relation is obtained by referring to the engine char- 
target deceleration time Tx is calculated. Next in step S42, 5 acteristics map shown in FIG. 9. Then the obtained result is 
the required deceleration G(t) is calculated, and further in set to N^. 

step S43, the required deceleration G ODR at this timing is set Alternatively the target revolution N^ can be obtained by 

to the required deceleration G(t) that has been calculated at using a map that has been previously created. In this case, 

the preceding step. the table that directly defines the required revolution N 2 with 

Finally in step S44, the correction is executed in accor- 10 respect to the required deceleration G ORD me secondary 
dance with the road condition. More specifically, referring to revolution N sec (or vehicle speed) is preliminarily recorded 
a subroutine flow as shown in FIG. 7, a correction value G co in the memory of the automatic transmission control unit 5. 
is obtained by correcting the required deceleration G ORD Based on the thus obtained target revolution N^, in step 
using a constant K A thai has been mapped in consideration SS3 shown in FIG. 8, a varied revolution N is calculated by 
of the comer R in step S45-1. Then in step S45-2, a 15 subtracting the target revolution that has been similarly 
secondary correction vahie G cl is obtained by correcting the obtained at the preceding cycle from the target revolution 
corrected value G co using a constant that has been N^. Next in step S54, it is determined whether the absolute 
mapped in consideration of the upslope/downslope angles. value of the varied revolution AN is greater than a threshold 
Further in step S45-3, a tertiary correction value G c2 is value so as to determine if the smoothing operation is 
obtained by correcting fee secondary correction value G cl 20 required If No, that is, the varied revolution AN is equal to 
using a constant K cl in consideration of the information of or less than the threshold value, the process proceeds to step 
the navigation unit (corner R, slope, traffic jam, branch, road S56 where the target revolution N^ is kept unchanged and 
width and so forth). Finally in step S45-4, a final correction set to the target revolution N 2 , and it is returned. If Yes in 
value G ORD1 is obtained by correcting the tertiary correction step S54, the process proceeds to step S55 where a smooth- 
value G c2 using a constant in consideration of a road 25 ing value N SWP is further added to the target revolution N^. 
with a low coefficient of friction. Other types of correction, If the varied revolution N is greater than zero, i.e., AN>0, the 
for example, through switch-on of a turn signal detected by constant is set to establish the relationship of the smoothing 
the turn signal sensor 25 can be added to the aforementioned value N SWP <0. If the varied revolution AN is less than zero, 
corrections. i.e., AN<0, the constant is set to establish the relationship of 

Back to the main flow shown in FIG. 3, in next step S5, 30 the smoothing value N^^^-0. The smoothing value N SWP 

the required engine speed N 2 is calculated. The flow of a may be mapped in accordance with the magnitude of the 

subroutine for calculating the required engine speed N 2 is varied revolution AN. 

shown in FIG. 8. In step S51 of the flow in FIG. 8, a Referring back to FIG. 3, in step S6, a target revolution 

correction demanding deceleration G 0 is calculated by sub- N 0 ju> tne fi Qal value f° r transmission control of the 

tracting the amount corresponding to the running resistance 35 CVT 81 is calculated by referring to the vehicle speed map 

including the air resistance, rolling resistance and the like in step S2. Then the normal target revolution Nj is compared 

from the preliminarily obtained required deceleration G ORD . with the required engine speed calculated in the preceding 

In this case, the deceleration value denotes the decel- step S5, and whichever value of the two values is greater is 

eration corresponding to the running resistance. This value set to the target revolution N^^. Then in step S7, the 

is mapped to be recorded in a memory of the automatic 40 transmission control is executed. In this way, the control is 

transmission control unit 5. Next in step S52, a target continued until the control termination condition is satisfied, 

revolution N^ is derived from the correction demanding The conditions for terminating control are when the accel- 

deceleration G 0 that has been preliminarily obtained and the erator is in the ON state, or a vehicle speed (SPEED) is equal 

revolution N sec of the secondary pulley 816 of the CVT 81. to or less than 20 km/h, or the headway distance exceeds a 

Specifically, the target revolution N^ will be obtained in 45 second predetermined value and further the required 

the following manner. The correlation between the engine engine speed N 2 is less than the normal target revolution N 3 . 

torque T c and the outpnt torque T wr (the output torque The following are several embodiments for obtaining the 

converted into the torque of the secondary pulley Sib) is reference headway distance L(m) as the important element 

represented by the following equation: for calculating the required deceleration G^,^ under control 

50 in accordance with the invention. 

T^ip-T^, (y pulley otic) FIG n sh ows a fi^t embodiment representing how the 

The above equation can be replaced as follows: reference head ™y <K f ton0 ? ^ * <j efine <J; ™ s » ^ 

easiest way to obtain the reference headway distance L(m), 

TM N pr/Ke^H'*M DV referring to the map. As shown by the curve of secondary 

55 degree, the reference headway distance L(m) is uniquely set 

where N^ denotes the revolution of the primary pulley 81a such that me incrcase rate gradually becomes greater as the 

detected by the input revolution sensor 26, N„ c denotes the vehicle speed increases. 

revolution of the secondary pulley Sib detected by the In the method of the second embodiment of the invention 

vehicle speed sensor 23, G denotes the vehicle acceleration shown ^ pi G . 12, the reference headway distance L(m) is 

converted into the acceleration of the secondary pulley Sib, 60 defined by me vehicle speed md me sptcd at which the 

and M denotes the vehicle weight. If the lockup clutch of the accelerator pedal is released by the driver. If the driver 

torque converter 82 is in an engaged state, the primary releases the accelerator pedal slowly in anticipation of 

revolution N pW is equal to the engine speed N,. Accordingly, mo derate deceleration, the deceleration is gently performed 

the following equation s established: ^ me state where ^ reference headway distance L(m) is 

t^(njn cJoGqkoxM- 65 s ^ orter > result i n g m tDe moderate deceleration. On the 

contrarv ^ ^ ^ e driver releases the accelerator pedal quickly 
Therefore, the following equation is further established: in anticipation of sharp deceleration, the deceleration is 
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quickly performed in the state where the reference headway 
distance L(m) is longer, resulting in the sharp deceleration. 

In the method of the third embodiment of the invention, 
the headway distance at a time when the operator releases 
the accelerator pedal is defined as a basic headway distance 5 
L, and the reference headway distance L(m) is adjusted in 
accordance with the release speed. This can be represented 
by the following equation: 

Reference headway distance I(o)-hcadway distance L at a time 1Q 
when the accelerator pedal is released+correction value in 
accordance with the release ^peed. 

In this case, the correction value in accordance with the 
release speed is set to zero if it is less than a predetermined 
value. On the contrary, if it is greater than the predetermined 15 
value, the correction value becomes a positive value which 
increases as the speed is raised. 

The required deceleration Gcea> can be obtained in a way 
different from the one shown in FIG. 5. FIG. 13 shows the 
flow of the process of this embodiment. In step S41A of this 20 
embodiment, the target deceleration time Tx is calculated in 
the way similar to the previous cme. Then in step S43A, the 
required deceleration G ORD is calculated by referring to the 
map shown in FIG. 14. This map is defined by the correla- 
tion between the headway distance and the relative speed 25 
such that each of the required decelerations GO to G5 
becomes greater as the relative speed is increased and as the 
headway distance is decreased A plurality of maps are 
prepared in accordance with the headway distance such that 
the area where the deceleration becomes greater is broad- 30 
ened as the reference headway distance becomes longer. The 
subsequent steps of this embodiment are the same as those 
of the aforementioned embodiment. 

FIGS. 15 and 16 are timing charts showing the respective 
changes in the required deceleration, vehicle speed and 35 
headway distance in response totfoe aforementioned control. 
FIG. 15 shows the state where the vehicle speed V 1 of the 
vehicle at the start of control is higher than the vehicle speed 
V 2 of the preceding vehicle, and the headway distance 1q at 
the start of control is shorter than the reference headway 40 
distance L(m). In the aforementioned state, the driver may 
feel that the driver's vehicle is approaching the preceding 
vehicle too close, and the accelerator pedal is voluntarily 
released. In this case, the deceleration is set to reduce the 
vehicle speed sharply at the start of control, resulting in 45 
sharp decrease in the vehicle speed V r At a time point Ty 
immediately after the required deceleration has reached the 
peak, the vehicle speed V 1 has become already equivalent to 
the vehicle speed V 2 of the preceding vehicle. Thereafter, the 
required deceleration is executed rapidly followed by a 50 
continuous moderate deceleration. At the time Tx, the 
vehicle speed V 1 becomes V a ' which is slightly less than the 
vehicle speed V 2 of the preceding vehicle, and the control 
routine is terminated. With the aforementioned 
characteristics, at the start of control, vehicle deceleration is 55 
performed sharply and, thereafter, further deceleration is 
moderately performed. The driver, thus, is able to rely on the 
control with a safe conscience. 

FIG. 16 shows the state where the driver releases the 
accelerator pedal because the headway distance is rapidly 60 
reduced in the state where the vehicle speed V 2 of the 
vehicle at the start of control is higher than that of the 
preceding vehicle, and the headway distance lg at the start of 
control is longer than the reference headway distance L(m). 
In this case, at the start of control, as the required decelera- 65 
tion is set to reduce the vehicle speed at a relatively 
moderate rate, resulting in moderate deceleration in the 



vehicle speed Vj of the vehicle. Finally the vehicle speed V 1 
becomes equivalent to the vehicle speed V 2 of the preceding 
vehicle, the headway distance 1 becomes equivalent to the 
reference headway distance L(m), and the control is termi- 
nated. With the aforementioned characteristics, the vehicle 
speed is gradually decreased while gradually reducing the 
headway distance. As the headway distance is not 
broadened, the driver is not prompted to take a further 
action, for example, to operate the accelerator pedal, thus 
avoiding irritation of the driver. 

The aforementioned embodiment is controlled to cause 
the headway distance Iq at the start of control to approach the 
reference headway distance L(m). Accordingly, the vehicle 
speed is reduced based on the setting of the required 
deceleration that reflects the driver's intentions while keep- 
ing the driver in a safe condition. As a result, the driver is 
allowed to reduce the work load as well as move smoothly 
with the traffic flow. 

While preferred embodiments of the invention have been 
described using specific terms, such description is for illus- 
trative purposes only, and it is to be understood that changes 
and modifications can be made without departing from the 
spirit or scope of the following claims. The embodiments 
describe the control of the engine and automatic transmis- 
sion. However, they can also be applied to the vehicle in 
which the motor generator is controlled, such as an electric 
vehicle or a hybrid vehicle. In such a case, a target decel- 
eration torque is set based on the required deceleration sent 
from the required deceleration calculation means so as to 
control the motor generator. 

What is claimed is: 

1. A vehicle control unit for controlling a vehicle, the 
vehicle including a device capable of control deceleration 
and information detection means for providing information 
used in determining a correlation between the vehicle and a 
preceding vehicle, the vehicle control unit comprising: 

deceleration setting means for determining a correlation 
between the vehicle and the preceding vehicle based on 
information derived from the information detection 
means, comparing the correlation with a predetermined 
target correlation, and setting a deceleration of the 
vehicle so as to reach the target correlation; and 

deceleration control means for controlling the device that 
controls deceleration of the vehicle based on the set 
deceleration, the deceleration control occurring when 
an operator requires deceleration. 

2. The vehicle control unit according to claim 1, wherein 
the deceleration setting means sets the deceleration that is 
continuously updated from the start of control to establish- 
ment of the target correlation and a value of the deceleration 
is reduced as it approaches the target correlation. 

3. The vehicle control unit according to claim 2, wherein 
the deceleration is set to reduce a deceleration rate as it 
approaches the target correlation. 

4. The vehicle control unit according to claim 2, wherein 
the information that permits determination of the correlation 
contains a headway distance between the vehicle and the 
preceding vehicle and a speed of the vehicle approaching the 
preceding vehicle; 

the target correlation contains a reference headway dis- ' 
tance; and 

the deceleration is obtained by referring to a map at least 
based on an approaching speed of the vehicle so the 
approaching speed becomes zero or less at a time when 
reaching the reference headway distance. 

5. The vehicle control unit according to claim 4, wherein 
the vehicle uses means for detecting a vehicle speed and 
means for detecting an operating speed of an accelerator 
pedal; and 
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the reference headway distance is set in accordance with 9. The vehicle control unit according to claim 7, wherein 

the speed of the vehicle and varied in accordance with the vehicle uses means for detecting a vehicle speed and 

the speed at which the accelerator pedal is released. means for detecting an operating speed of an accelerator 

6. The vehicle control unit according to claim 4, wherein pedal; and 

the vehicle uses means for detecting a vehicle speed and 5 the reference headway distance is set to the headway 

m ed7 nd detCCtmg 3n 0peratmg SPC aD aCCClerat0r distance established at a time when the accelerator 

P a ■ a pedal is released and varied in accordance with the 

the reference headway distance is set to the headway d at which the accelerator pedal is released, 

distance established it a time when the accelerator 10. The vehicle control unit according to claim 1, wherein 

pedal is released and varied in accordance with the 10 ^ ^ foad detection means for dete ct- 

speed at which the accelerator pedal is released. . a foad condition; and 

7. The vehicle control unit according to claim 2, wherein , , , . , . , . . . . 
the information that allows determination of the correlation the deceleration * varied in accordance with the road 



includes a headway distance between the vehicle and the ~ Dd j, oon detected •* road condition detection 

preceding vehicle ai 
preceding vehicle; 



preceding vehicle and a speed of the vehicle approaching the 15 m !! aDS ' . . . , . ,. . . <rt 

nreeeriina vehicle- ^* ^ e vetu cle control um t accordmg to claim 10, 



, wherein the road condition detection means is a navigation 
the target correlation contains a reference headway dis- information of which is used to determine the road 

tanoc i md condition, 
the deceleration is calculated at least based on an 2Q 12. The vehicle control unit according to claim 1, wherein 
approaching speed of the vehicle so the approaching the device capable of control of the deceleration is a coo- 
speed becomes zero or less at a time when reaching the tinuously variable transmission, the deceleration is set to a 
reference headway distance. target value of the continuously variable transmission, and a 
8. The vehicle control unit according to claim 7, wherein deceleration of the continuously variable transmission is 
the vehicle uses means for detecting a vehicle speed and 1$ controlled to reach the target value, 
means for detecting an operating speed of an accelerator 13. The vehicle control unit according to claim 1, wherein 
pedal; and the operator requires deceleration occurs when a throttle 
the reference headway distance is set in accordance with opening reaches zero, 
the speed of the vehicle and varied in accordance with 

the speed at which the accelerator pedal is released. ***** 
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